Adsorption process by activated carbon is widely used for removal of dyes. Because of economical limits, activated carbon derived from low cost materials seem to be economical. The aim of this work is preparation of activated carbon from poplar wood and investigation of its ability to removal of (AR18) dye. In this work, we prepared the activated carbon by chemical activation method in electric furnace. In addition we have investigated effect of various parameters such as pH, contact time, dye concentration and adsorbent dosage on dye removal. Langmuir and Freundlich isotherm models have been investigated. Pseudo-first order, pseudo-second order and modified pseudo-first order kinetic models have been used for experimental data. The results showed that removal efficiency was increased with increasing of adsorbent dosage, contact time and decreasing of pH, but with increasing of dye concentration, the removal efficiency was decreased. Adsorption isotherm models showed that Langmuir isotherm model was best fitted onto collected data (r 2 >0.978). In addition, kinetic models showed that sorption of AR18 onto activated carbon prepared from poplar wood follows the pseudo-first order model (r 2 >0.9758).
Introduction
Textile industries generate highly colored wastewaters that bearing organic and inorganic pollutants, so removal of dyes from these industries is an important practice due to its pollution of environment 1 . Azo dyes are one of the synthetic dyes that used in many textile Industries 2 . Azo dye have an azo group band (-N=N-) and because of their low cost, solubility and stability, are widely used in many textile industries. Azo dye and their intermediate products are toxic, carcinogenic and mutagenic to aquatic life 3, 4 . Several methods such as adsorption 5, 6 , coagulation and flocculation 7 , biological treatment 8, 9 , advanced oxidation processes 10 , photocatalytic process 11 have been used for treatment of colored wastewater. Removal of dye from colored effluents by adsorption processes has been to be an efficient and economical 12 . Commercial activated carbon is a most popular adsorbent but is expensive. For that reason, researchers investigate production of activated carbon from low cost material such as Guava Seed 13 , bituminous coal 14 , olive-waste cakes 15 , waste biomass 16 and so on.
In this work, we investigate the preparation of activated carbon from poplar wood, which can be found in many places of Iran, and examined its efficiency for removal of an azo dye AR18 from aquatic solution. The main aim of present work is as the following:
• Preparation of activated carbon from poplar wood by chemical activation 13, 14, 17 . In this work, we have prepared activated carbon by chemical method. A given amount of crushed poplar wood impregnated with phosphoric acid as an activation agent and then heated in 700-900 0 C for one hour. After that, char particles washed in distillated water for four to five times and dried in oven for tow hours at 120 0 C. The activated screened by 40 mesh sieve and was used as adsorbent. In this study various parameters that were studied in this work are pH (ranges from 5 to11), initial dye concentration (25, 50, 75 and 100 mg/L), initial adsorbent dosage (0.6, 0.8 and 1 g) and contact time (ranges from 30 to 120 minute). The dye (Merck, Germany) that used in this study was highly purity and used without any purification. Figure 1 show the structure of AR18. Solution of 1 N NaOH and H 2 SO 4 (Merck, Germany) was used for adjusting of pH. All experiments was conducted in a batch system. For experiments, a given amount of prepared activated carbon was added to 200 mL of dye solution in various pH and stirred (Hanna-Hi 190M, Singapore) in 200 rpm and then in the given time interval, the solution was centrifuged and final concentration of dye is was determined using a UV/VIS spectrophotometer (Model 1700, Shimadzu, Japan) at the maximum wavelength of 506 nm. 
Results and Discussion

Effect of pH on dye adsorption
Generally, in adsorption processes, the pH plays an important role 15 . The effect of pH on the adsorption of AR18 is shown on Figure 2 . From the figure, it was observed that dye sorption decreased with the increasing of pH solution. In low pH the surface of activated carbon charged with H + ion and this leads to significantly strong electrostatic attraction between the positively charged carbon surface and anionic dye molecule that cause increasing of dye sorption 15 . Also by increasing of pH solution, the number of negatively charged sites on the surface of activated carbon increased. On the other hand the number of the positively charged sites decreased. Activated carbon with negatively charged sites due to electrostatic repulsion can not adsorb the anionic dye, therefore by increasing of pH, dye removal would been decreased 12, 16 . 
Effect of adsorbent dosage
Adsorption capacity can be increased by increasing of adsorbent dosage 10 . The test for investigation of effect of adsorbent dosage carried out by keeping all of other parameter constant. The effect of adsorbent dosage on dye sorption is shown in Figure 3 . As shown in this figure, by increasing of adsorbent mass, dye sorption was increased. Also in pH=7, by increasing of adsorbent mass from 0.6 to 1 g, removal of dye increased from 35% to58%. 
Effect of initial dye concentration
Studies for investigation of the effect of dye concentration on dye removal carried out by adding of 0.6 g prepared activated carbon in 200 mL dye solution and contact time equal 1 h. Figure 4 shows the effect of initial dye concentration on the adsorption of dye. As shown on this figure, by increasing of initial dye concentration, removal of dye was decreased. 
Effect of contact time
Dye solution of 50 mg/L was performed to analyze the effect of contact time. The effect of contact time on dye removal is shown on Figure 5 . As shown in Figure 5 , by increasing of contact time, removal of dye was increased. In addition, removal of dye at the initial period of contact time was found to be rapid and then by increasing of contact time, adsorption of dye become slowly and reached to equilibrium at 120 minute. Time (min) Figure 5 . Effect of contact time on dye removal (pH=7, adsorbent dosage=0.8 g, dye solution=50 mg/L).
Adsorption isotherm
Adsorption isotherm describes the relationship between the equilibrium amount of solute adsorbed on adsorbent and the amount of remaining solute. Langmuir and Freundlich isotherm models are commonly used for description of adsorption process.
Freundlich equation
The non linear form of Freundlich equation is expressed as the following:
Where q e is the amount of adsorbate (mg/g), C e is the equilibrium concentration of adsorbate (mgL -1 ), k f and 1/n are the Freundlich constants. The linear form of Eq. 1 is as the following:
Freundilch constants can be determined from the slope and intercept of linear plots of log q e vs. log C e , respectively. Figure 6 shows the plot of log q e vs. log C e for present study. 
Langmuir equation
Langmuir isotherm model which commonly used for monolayer adsorption is described as follow: Figure 7 shows the plot of log (q e ) vs. log (C e ) for present system. Table 1 shows the parameters of isotherm model. It is clear from this Table, the sorption of AR18 follows Langmuir isotherm model. 
Kinetic Models Pseudo-first order kinetic
Pseudo-first order kinetic is described by the following equation 18 :
Where q e and q t are the amounts (mg/g) of adsorbate at equilibrium and at time t (min) respectively; and k 1 is the constant rate (1/min). Integration of the Eq. (5) at the boundary of q t =0 at t=0 and q t =q t at t=t, the equation of (5) can be converted to the linear form as the following equation: Figure 8 shows the pseudo-first order curve for experimental data. 
Pseudo-second order kinetic
Pseudo-second order kinetic is expressed as the following equation 18 :
Where q e and q t are the amounts (mg/g) of adsorbate at equilibrium and at time t (min) respectively; and k 2 is the constant rate (g/mg min). Integration of the Eq. (7) at the boundary of q t =0 at t=0 and q t =q t at t=t, the equation of (7) can be converted to the linear form as follows: 
The value of k 2 and q e can be determined from the slope and intercept of the plot t/q t vs. t, respectively. Figure 9 shows the pseudo-second order model curve for experimental data. Figure 10 shows the modified pseudo-first order model curve for present system. Ln (1-qt/qe)+qt/qe Figure 10 . Shows the modified pseudo-first order model for present system. Table 2 shows the parameters of kinetic models. The conformity of experimental data with the pseudo-first order, pseudo-second order and modified pseudo-first order models can be determined by the correlation coefficient (R 2 ). It is clear from Table 2 that pseudo-first order best describe sorption of AR18 onto activated carbon derived from Poplar wood. 
Conclusion
In this study the adsorption of AR18 on activated carbon derived from poplar wood was investigated. Influence of parameters such as pH, initial dye concentration, adsorbent mass and contact time on removal efficiency were studied. The result showed that by increasing of adsorbent mass and contact time, sorption of dye was increased. Also removal of dye found to be decreased by increasing of pH and initial dye concentration. Adsorption isotherm models showed that Langmuir isotherm model was best fitted onto collected data (r 2 >0.978). In addition, kinetic models showed that sorption of AR18 onto activated carbon prepared from Poplar Wood follows the pseudo-first order model.
